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Public road authorities have a key responsibility in driving initiatives for reducing greenhouse gas (GHG) 
emissions in the road construction project lifecycle. A coherent and efficient chain of procurement 
processes and methods is needed to convert green policies into tangible actions that capture the potential 
for GHG reduction. Yet, many infrastructure clients lack developed methodologies regarding green 
procurement practices. Designing more efficient solutions for green procurement requires an evaluation of 
the current initiatives and stages of development. 
A mapping of the current GHG reduction initiatives in Australian public road procurement is presented in 
this paper. The study includes the five largest Australian state road authorities, which cover 94% of the total 
817,089 km of Australian main roads (not local) and account for 96% of the total A$13 billion annual major 
road construction and maintenance expenditure. The state road authorities’ green procurement processes 
and tools are evaluated based on interviews and a review of documents. Altogether 12 people, comprising 
1-3 people of each organisation, participated in the interviews and provided documents. An evaluation 
matrix was developed for mapping the findings across the lifecycle of road construction project delivery.  
The results show how Australian state road authorities drive decisions with an impact on GHG emissions 
on the strategic planning phase, project development phase, and project implementation phase. The road 
authorities demonstrate varying levels of advancement in their green procurement methodologies. Six 
major gaps in the current green procurement processes are identified and, respectively, six 
recommendations for future research and development are suggested. The greatest gaps remain in the 
project development phase, which has a critical role in fixing the project (GHG reduction) goals, identifying 
risks and opportunities, and selecting the contractor to deliver the project. Specifically, the role of mass-
haul optimisation as a part of GHG minimisation was reviewed, and mass-haul management was found to 
be an underutilised element with GHG reduction potential.  
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Green initiatives and frameworks are critical as the infrastructure industry responds to the global challenges 
related to greenhouse gas emissions. The public sector, as a major client and regulator, could drive change 
through procurement (Kenley et al. 2000). Public road procurement processes have the potential to reduce 
the volume of three types of greenhouse gas emissions: 1) the direct emissions from the road construction 
process including land-use change, 2) the embedded emissions of construction materials, and 3) the 
impact of maintenance and operations on roads.  
Green procurement policies and practices are adopted to varying degrees in governments across the world 
(Brammer & Walker 2011). A concern remains that they stay at the level of policies and strategies lacking 
practical applications. In Australia, the national and federal governments have recently published ambitious 
policies for cutting carbon emissions, including principles for sustainable and green procurement. The 
extent, to which these principles are translated into practical managerial actions demonstrating a green 
procurement process, relies on individual state road authorities.  
This study aims to document the current development of green road construction procurement processes in 
the five largest Australian state road authorities. The purpose is to show a systematic account on how 
green initiatives are underpinned in Australian public road procurement, and distinguish between strong 
and weak links in the green procurement chain. In particular, as a result of scarce research in the area, the 
review will be sensitive for evaluating the potential for integrating green procurement more efficiently into 
reducing GHG emissions due to road construction and mass-haul, as pointed out as a significant gap in 
research by Kenley et al. (2011). The work will aid identifying and further developing best practices for 
greenhouse gas minimisation from road construction projects.  
 
2. Green infrastructure procurement 
Carbon constraints and climate change have stressed the need for transformation towards a carbon-neutral 
future, wherein the construction industry with one of the largest per capita emissions has a key 
responsibility (Newton et al. 2009). Accordingly, sustainable or green construction with their varying and 
interconnected definitions represent the solution, which “satisfies the principles of sustainable development, 
and - - starts well before construction per se (in the planning and design stages) and continues after the 
construction team have left the site” (Hill & Bowen 1997). Hill and Bowen clarify the myriad concepts of 
sustainable development to encompass the four foundational dimensions of social, economic, biophysical 
and technical sustainability.  
Green construction generally refers to the biophysical, or environmental, sustainability that is concerned 
with ecosystems’ carrying capacity. The largest ecosystem impacts are measured on the global level and 
caused by greenhouse gas emissions. Road projects typically result in carbon dioxide (CO2) emissions and 
all other greenhouse gases are mostly expressed as CO2 equivalents that correspond to their respective 
impact on climate change. In this paper, green construction is treated as the process of minimising GHG 
emissions for the construction process and product throughout the supply chain and the lifecycle of a road. 
Green procurement refers to the practice of formulating environmental requirements in the tendering 
process (Parikka-Alhola & Nissinen 2008), or more broadly to the process of applying environmental 
consideration into planning, contracting and monitoring the project delivery, including the use of 
environmental criteria in contractor selection. Aligning Wyatt et al. (2000), decision making in  sustainable 
construction procurement must take into account the carbon emissions throughout the lifecycle including 
the emissions that are created before and after the structure is constructed and operated. To attain 
sustainable construction, sustainability should be introduced as a decision factor on all strategic, tactical, 
and operational levels (Vanegas 2003). Integrated, multi-disciplinary processes should be adopted for 
maximised understanding and effectiveness (Hill & Bowen 1997), which emphasises the importance of 
well-designed procurement process. 
The project owners may drive GHG emission reduction through various incentives and rewards, such as 
contractor prequalification, performance-based tender evaluation, contractual incentives, project alliance, 
and regulation and monitoring (Kenley et al. 2000). In practice, the incentives need to support multi-
disciplinary collaboration and be associated with the factors that influence attaining a low-carbon road. Gu 
et al. (2010) have identified that the owner may influence emissions, for example, through road alignment, 
materials and vegetation changes in the design phase and construction machinery, method and material in 
the construction phase. Mass-haul optimisation and low-carbon fuels  represents a major share of costs of 
large construction projects (Kenley et al. 2011). 
Concerns have been asserted on the extent to which green policies and strategies are conveyed into 
practice through cooperative and inter-disciplinary working practices (Smyth 2010). In general, green 
infrastructure procurement practice and research remain behind of the developments in green building 
 
   
 
 
procurement. Yet, for instance, environmental requirements and selection criteria have been used 
successfully in Swedish (Faith-Ell 2005; Varnäs et al. 2009) and Finnish (Korkiala-Tanttu et al. 2005) road 
construction and maintenance projects.  
Lack of research on the relative importance of the various elements of road project emissions is likely to 
limit progress on selecting prioritised measures for green infrastructure procurement. For example, the 
global warming potential that frequently yields high estimates for pavement materials as a result of lifecycle 
studies (e.g., Lee et al. 2010) may not be usefully comparable to the global warming effect of road 
construction vehicle fuel consumption. If road authorities are to significantly minimise road construction 
GHG emissions, more research is needed to establish the prioritised areas of client focus in project 
planning and procurement.  
While mapping the existing initiatives to green procurement, the purpose of this research is to identify the 
hidden potential for GHG reduction in road construction. This means revealing the areas of the 
procurement process that do not presently feature advanced methods but are envisaged to hold significant 
potential for GHG reduction. Based on identified (Kenley et al. 2011) gaps in prior research, the road 
construction phase, and in particular mass-haul operations are initially pinpointed as such an area. Mass-
haul, defined as the handling and movement of soils, aggregates, and rock during the project, has been 
identified as a substantial contributor to greenhouse gas emissions (Norgate & Haque 2010; Chang & 
Kendall 2011). In large road greenfield construction projects, mass-haul typically accounts for 30 per cent 
or more of the construction costs, which implies a double benefit of mass-haul minimisation as cost savings 
(Kenley et al. 2011). Yet, researchers and policy analysts are generally more interested in the carbon 
emissions of finished structures and operations than on the carbon emitted during the road construction 
phase.  
3. Research approach 
3.1 Rationale and reasoning 
A national, industry-wide process review was conducted to gather information on green procurement 
practices and methods in a systematic form that allowed national and international comparison. The 
ultimate aim of the review was to identify priorities for enhancing green procurement practices among 
Australian state road authorities. The research included developing a systematic evaluation matrix, 
interviewing state road authorities’ environmental experts, and reviewing public and project-specific project 
planning and procurement documents. Qualitative conclusions are mainly drawn on the completed 
evaluation matrix, and supported by the interview data. A validation loop was incorporated with the original 
and additional participants to ensure correct interpretation of data. 
3.2 Participants 
The study includes the five largest Australian state road authorities; Queensland Government Transport 
and Main Roads, New South Wales Government, Roads and Maritime Services; VicRoads; Main Roads 
Western Australia and the Government of South Australia, Department of Planning, Transport and 
Infrastructure. Together these road authorities cover 94% of the total 817,089 km of Australian roads and 
account for 96% of the total A$13 billion annual road construction and maintenance expenditure in 
Australia on major roads (excluding local roads) (Australian Infrastructure Statistics Yearbook 2011, 
average 2004-2009). 
3.3 Data 
The state road authorities’ green procurement processes and tools are evaluated based on interviews and 
a review of documents. Altogether 12 people holding senior positions as environmental experts, comprising 
1-3 people from each organisation, participated in the interviews and provided documents.  
3.4 Evaluation framework 
A seven-phase evaluation framework was developed for mapping the findings across the road construction 
project delivery lifecycle. The theoretical basis of the framework follows Matar et al.'s (2008) 
recommendation on pinning sustainability principles as parts of project delivery from pre-project planning 
to, at least, completion of the structure. In practice, some of the phases and several of the elements on the 
framework were adjusted to meet the actuality of road authorities’ procurement processes.   
The lifecycle consists of three phases, which drive decisions with an impact to GHG emissions from road 
construction, maintenance and operation. First, the strategic planning phase involves the national and 
federal policy guidelines and the road authority’s particular environmental policies and strategies that guide 
their operations. These strategic schemes are translated into more specific guidelines and prequalification 
 
   
 
 
criteria for the industry (designer and contractor). Second, the project development phase consists of 
operations that align a specific project with the policies and strategies. These operations include the GHG-
related assessment of project options, risks, and opportunities as well as utilising the resultant information 
in further definitions of the project scope, delivery method, tender procedures, contractor selection, and 
contract contents. Third, the project implementation phase entails the client-side activities for achieving the 
green procurement targets, documenting the results and learning from the project. Figure 1 outlines the 
phases of the evaluation framework along with questions that were targeted as thematic guidance for 
sourcing information through interviews and documents. 
 
Figure 1. Green procurement evaluation framework  
 
4. Results 
Table 1 summarises the green procurement evaluation results. The state road authorities demonstrate 
varying levels of progress in development with their green procurement methodologies. All organisations 
address the need for green procurement by engaging related policies and guidelines in the strategic 
planning phase. However, application of the policies and guidelines in the project development and 
implementation phases is predominantly still under preparation. In addition to the established steps, as 
pictured in Table 1, the road authorities are currently working on the gap areas. Especially, the industry 
information and prequalification processes and non-cost criteria for contractor selection are under 
consideration and development in several states. Optimised processes covering the full delivery lifecycle 
with practically tested techniques and tools are yet to be developed.  
 




Table 1 Green procurement evaluation results  
*   In Design-Build projects managed by the contractor 
 
   
 
 
The major gaps in the green procurement processes include:  
1) a lack of established best practices, standardised procedures and guidelines for GHG assessment 
and reduction  
2) a lack of integration between GHG assessment and management mechanisms including platforms 
for inter-disciplinary collaboration,  
3) scarcity of environmental criteria in designer and contractor selection,  
4) scarcity of incentives for GHG reduction in contracts, 
5) incompleteness of monitoring, control, and review methods, and 
6) a lack of focus on mass-haul optimisation as an environmental management area. 
 
5. Discussion 
The Australian state road authorities demonstrate variable coverage and focus between their green 
procurement processes. A majority of the reviewed processes is more advanced on the strategy level than 
on the project development or implementation level but practical applications evidence an interest for 
genuine change. New South Wales, Victoria, and Western Australia operate some of the most advanced 
green infrastructure procurement systems to date. Queensland features few signs of green procurement in 
the review but has recently taken the development of environmentally sustainable procurement practices 
as a priority. Yet, even in the relatively advanced processes, uncertainty prevails in selecting best practice 
for green procurement solutions and for differentiating between service providers.  
Sustainable project outcome needs to be supported with an uninterrupted chain of supporting management 
mechanisms and multi-disciplinary collaboration from strategic planning to sustainable design, construction, 
and operation, as discussed by Vanegas (2003). This review reveals that the weakest links of the green 
procurement chain remain in the project development and implementation phases, as illustrated in Figure 
2. At present, the road authorities are applying a mix of wait-and-see and test-and-see approaches in 
anticipation of research-based or experimental guidance. Interruptions of green procurement chain in 
project development imply that major decisions regarding the project goals, delivery methods, and 
contractors are not adequately coupled with the risks and opportunities of minimising GHG emissions. A 
possible solution for integrating GHG minimisation as a formal part of decision making and management 
frameworks is to merge it with a systematic risk and opportunity management framework. Multi-
organisational collaboration is a key for success in construction project risk management (Osipova & 
Eriksson 2011) and, specifically, in managing the sustainability-related risks and opportunities (Hill & 
Bowen 1997; Hartshorn et al. 2005; Smyth 2010). Cost as the sole selection criterion is not an adequate 
foundation for such an aspiring collaboration. Contractor selection itself is a major factor of risk and 
opportunity when complex goals, such as optimising environmental, economic, social, and technical 
sustainability, are involved (Kruus et al. 2010). Furthermore, sustainability requires making explicit the 
costs that the investment has on the environment, especially on a global level. 
 
Figure 2. Strengthening the chain of green procurement process 
The client’s interest in value over cost is a precondition for adopting innovation on the project-level (Ling 
2003) and on the industry-level (Smyth 2010). Osipova and Eriksson (2011) demonstrate that contractual 
incentives and collaborative arrangements, such as partnering, can leverage as opportunities for cost 
savings and innovation. Kruus et al. (2010) give examples on technical innovations as a result of 
contractually motivating the contractor to manage project risks and opportunitie. Promoting innovation in 
infrastructure development will serve both aims; maximising value for money as versatility and durability 
and minimising environmental impact as energy and material efficiency (Hartshorn et al. 2005).  
 
   
 
 
Nevertheless, securing the skilled and creative service providers for the project is not enough to guarantee 
goal delivery. Chua et al. (1999) disclose that monitoring and control is the most important interactive 
process as predicting success relative to quality performance in construction. Hill & Bowen's (1997) 
recommendations of managing activities through a process of setting targets, monitoring, evaluating, and 
self-regulating progress could be revisited to strengthen the green public road procurement frameworks. 
Furthermore, they recommend applying a thorough environmental assessment during the planning phase 
and implementing environmental management systems during and beyond the construction phase.  
6. Conclusions 
The paper shows how the policy and practice of green road procurement varies across major Australian 
states. In brief, the strategic backbone of green procurement is well established across states but gaps 
remain in the project development phase, which determines major decisions on project goals, delivery 
method, and contractor, and in the project implementation phase, where strategies are translated into 
tangible actions. The coupling between GHG-related risk and opportunity identification and utilising this 
information in project planning, tendering and contracting was found to be underdeveloped. Specifically, the 
role of mass-haul optimisation as a part of GHG minimisation was reviewed, and mass-haul management 
was found to be an underutilised element with GHG reduction potential.  
This industry review can be appreciated as a rational systematisation of practices vis-à-vis the project 
delivery lifecycle, and thus offering a basis for standardising procedures and best practices. The results 
provide a lead to prioritising future research and development. Recommendations include:  
I. finding a set of standardised procedures and guidelines for GHG assessment and reduction 
through international industry reviews and by engaging multi-disciplinary collaboration between 
clients, designers, contractors, and academia,  
II. linking GHG assessment and reduction with the project overall risk management framework as well 
as with the consequent management mechanisms,  
III. introducing non-financial costs (i.e., costs to the environment) as a project planning and contractor 
selection device,  
IV. identifying efficient incentives for GHG reduction to be incorporated in design and construction 
contracts, 
V. finding solutions for efficient chains of GHG emissions baseline setting, monitoring, and reviewing, 
and 
VI. identifying opportunities for incorporating mass-haul optimisation in green procurement as an 
actively managed area by the client. 
The research team will collaborate with the individual road authorities as appropriate for the stage of their 
development. As road authorities have an impact as major clients and regulators, their development 
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